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3.0 Physical Properties

~>
<2
3.1 Mdlting Point =
MELTING POINT of class of compounds -~ NOT RELEVANT 2 23
All materids in this class are in liquid sate A
m ‘«W":-:
. . . . - e
3.2 Boiling Point, 3.3 Relative Density, and 3.4 Vapor Pressure z =5
Boailing point is measured based on ASTM D1120-65, “Boiling Point of Engine Antifreeze’?7
The method for density measurement conforms to ASTM D4052-96, “Densty and Rddive
Dengty of Liquids by Digitd Dendgty Meter”
Vapor Pressure measurements used ASTM El 719-97, “Vapor Pressure
Measurement by Ebuilliometry”.
Specification Specification
Median Median Calculated Average
Product CAS#  Predominant Molecule Boiling Point’ Density’ Vapor Pressure*
(Centigrade) (kg/m3) (pascals)
A 678-26-2  Perfluoropentane (C5) 30 1648 81,100
B 382-285  Perfluoro-N-methylmorpholine 50 1709 35,700
C 355-42-O Perfluorohexane (C6) 56* 1675* 30900*
D 335-57-9  Perfluoroheptane (C7) 77-87 1726 10,600
E 307-34-6  Perfluorooctane and 97 177 5,620
335-36-4 cyclic perfluoroether
F 307-34-6  Perfluorooctane (C8) 101 1760 3,800
G 338-83-O  Perfluorotripropylamine 128 1817 1,440
Ha 311-89-7 Perfluorotributylamine 155* 1850* 432%
Hy 311-89-7 Perfluorotributylamine 174 1860 192
| 338-84-1 Perfluorotriamylamine 215 1940 15
J 143356-32-5 Perfluoro-N,N,N’,N’-tetrapropy! 253 1900 <2

hexanediamine

Report References:
1 Manufacturing Plant QC test results on each Lot

2. Calculated average values were measured and extrapolated to STP (Standard Temperature & Pressure)
using accepted values for constants A&B with the Clausius-Clapeyron equation.

* Verified, SMM Analytical Laboratory Report GID: 19159 dated July 16, 2001




3.5 Octanol/Water Partition Coefficients

Product Ha, CAS # 3 1 1-89-7, has been tested for octanol-water partitioning; the available data
folow. Given the properties of PFCs, the likely ultimate fate of this dass of compounds is
rdlease to the amosphere, and modeling indicates partitioning to aguatic environments would
be indgnificant. Thus, octanol/water patitioning is indgnificant to environmentad risk
assessment. 3M does not plan any additiona testing on this property for these chemicals.

Test Substance:

Method:

GLP:

Year:

Test procedure:

Results:

Test Remarks:

Conclusion:

Data Quality:

Reference:

Test sample is product Ha. The production lot number
was not noted. The purity of the substance cannot be
verified to be 100%. The substance is a clear, colorless,
odorless liquid.

3M derived procedure usng gas chromatography - 3M
Commercid Chemicads Andytica group.

No
1981

The sample was prepared by mixing 25 uL of Product
Ha with 100 mL of didtilled water and shaking for 12
hours. A 50 mL diquot was then shaken for 15 hours
with 50 mL of prewater-saturated 99+% n-octanol. The
mixture was dlowed to stand for 2 hours. The n-octanol
phase was andlyzed directly, and the water phase was
extracted with hexane and anayzed. Andyss was by gas
chromatography. Didribution was determined by
dividing the concentration in n-octanol by the
concentration in water.

n-octanol concentration/water concentration = 557

The test temperature was not recorded in the summary
report.

Though not conclusve, this study indicates that the
octanol/water partition coefficient for Product Ha is 557.

Klimisch ranking = 3. This sudy does not meet criteria
for quality testing as temperature was not recorded

3M, Commercid Chemicds Anayticd Request #17322
and Andytical Report #263 and #269.



3.6 Water Solubility

Water solubility data are presented on Products C and Ha; the avalable data follows. While
testing was conducted under informal R&D procedures, thus lacking full documentation, it is
believed these results exemplify the low water solubility of this dass of chemicds. The two
chemicas tested fdl into the lower molecular weight group and the upper molecular weight
group. Product C represents the straight chain compounds while Product Ha represents the
branched amines. Testing on these compounds indicates extremely low to no solubility.

Test Substance: Product C, production lot number 530. The subgtance is
a clear, colorless, odorless liquid. Though primarily
CF14, the purity of the substance cannot be verified to be

100%.
Method: 3M derived procedure using FT-NMR and GC -
SA&CD/Group Andytica Lab Method #5-29-1 1-86
GLP: No
Year: 1990
Test procedure: Sample 1 was created by agitating a 50%/50% didtilled

water/ Product C mixture for 16 hours. Andysis by FT-
NMR was conducted 7 days later. Sample 2 was created
by dlowing a 50%/50% didilled water/ Product C
mixture to gt in datic contact for 16 hours. Andyss by
FR-NMR was conducted 13 days after the initid contact
with Product C.

Results: Solubility a 25°C (sample 1) = 33 mg/L
Solubility at 25°C (sample 2) = <5 mg/L

Test Remarks: The substance detected in the agitated water phase may
be in an emuldfied form and not in a true solution form.

Conclusion: Solubility of the test substance is likely to be less than 33
mg/L and may be less than 5 mg/L. Low water solubility
is indicative of the class of compounds covered by CAS
number 86508-42-I.

Data Quality: Klimisch ranking = 3. This study does not meet criteria

for qudity testing. The procedure faled to differentiate
between solubilized maerid and emuldfied materid.
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Reference:

Test Substance;

Method:

GLP:

Year:

Test procedure:

Results:

Test Remarks:

Concluson:

Data Quality:

3M Specidty Adhesives and Chemicals / Group
Anadyticad Laboratory, Request number 352 19. Project
number 92043000 14.

Test sample is Product Ha. The production lot number
was not noted. The purity of the substance cannot be
verified to be 100%. The substance is a clear, colorless,
odorless liquid.

3M derived procedure using gas chromatography - 3M
Commercid Chemicds Andyticd group.

No
1981

One sample consisted of 25 uL of Product Ha added to
100 mL of digtilled water and shaken for 12 hours.
Another sample was prepared by adding 5 uL of Product
Ha to 1000 mL of digtilled water and shaken for 12

hours. These samples were dlowed to stand for 15 hours
and then centrifuged. 25 mL diquots of each were
extracted with three consecutive 5 mL diquots of hexane
and the extracts were andyzed separately by gas
chromatography.

Water solubility was indicated to be 0.68 ppm.

Detection limit for the method was 0.03 ppm. The test
temperature was not recorded in the summary report. It is
not disclosed if the samples were alowed to St open to
the environment or if they were closed during the 15-hour
rest period.

Though not conclusve, this sudy indicates that the
solubility of the test substance is <1 ppm. Low water
solubility is indicative of the class of compounds covered
by CAS number 86508-42- 1.

Klimisch ranking = 3. This study does not meet criteria

for qudlity testing. Proper documentation of test
conditions was not followed.
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Reference: 3M, Commercid Chemicas Andyticd Request #17322
and Anaytical Report #263 and #269.

3.7 pH and pKa Values
pH and pKa VALUES - NOT RELEVANT
There is no water in any of these materid so no ionizaion occurs.

3.8 Oxidation-Reduction Potential
Oxidation-Reduction Potential = NOT APPLICABLE

3M has experience to demondrate that the standard oxidation-reduction potentias do
not apply to PFCs. The materias are unaffected by eectrochemica reactions and do
not dissociate in aqueous media. They are essentidly dready fully oxidized and are
unaffected by standard oxidizing agents such as permanganates, chromates, etc. The
only known oxidation takes place only a high temperatures by therma decompostion.
Likewise, the materias are only reduced under extreme conditions, requiring reducing
agents such as dementa sodium.

3.9Adsorption/Desorption to Soil
Adsor ption/Desor ption to Soil = NOT APPLICABLE

As outlined in the explanation for how these chemicds are used, the predominant
release of these chemicals will be to the atmosphere. Because of the voldility of these
compounds, OECD methods do not apply. Any testing of these compounds would have
to be done utilizing experimenta procedures a dgnificant cost. Since this property is
not important to environmental risk assessment of these compounds, 3M will not
undertake testing for adsorption/desorption to Soil.

12




4.0 Environmental Fate and Pathways

4.1 Photodegradation

Extensve research has addressed the photodegradation of this class of compounds. The
following is information that was presented to the United States Environmenta Protection
Agency reaulting in the successful dimination of this chemicd dass from regulation as VOCs
based on their photochemicd <ability.

Test Substance: C5-C18 pefluorinated chemicals covered by CAS
number 86508-42- 1.

Method: Cdculated

GLP: No

Year: 1990

Overview:

R. J Cicerone” published theoretical caculations indicating that the
perfluorochemical, carbon tetrafluoride, is essentidly inert in the amosphere.
His cdculations predicted an amospheric lifetime of more than 10,000 years.
In addressing reactions with hydroxyl radicds, Cicerone dates. “Reactions of
ground-state OH- with CF, are drongly endothermic and thus negligible” To
support this statement, Cicerone presented the following candidate reactions
between hydroxyl radicd and CFs (Rx. 1. - Rx. 3. with caculated enthapies.

Reaction AH298 (kca/mole)
OH- + CF4 2 FO + CF;H +73.0 Rx. 1.
OH: + CF; > HOF + CF, +70.2 Rx. 2.
OH: + CF, > other products +77 Rx. 3.

Extrapolation from CF,; to other perfluorodkanes is reasonably sraightforward.
Fabian, et a. quote the >10,000 year lifetime caculated by Cicerone and
state’. . . a similar lifetime can be assumed for C2Fs.. > ®

Reactions 4., 5., and 6., given beow, show that, a least in terms of hydroxyl
radical reactions with perfluorocarbons, this is a reasonable extrapolation.
Reaction 4. and 5. show that the fluorine radicd (F-) is more reactive with
hydrogen containing organic materids than the hydroxyl radicd, while reaction
4. shows that reaction between the more reactive F- and a perfluorocarbon (RF)
IS very unfavored energeticaly.
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Reaction AH (kcal/mole)

RH+F >R +HF -34 Rx. 4.9
RH:+OH' > R +H,0 -13 Rx. 5.@
RF-+ F> R+ F» +68 Rx. 6.

Expressed more grgphicaly, mixing F- with ethane would yidd an explosive
reaction, but mixing F- radicd with a perfluorocarbon, would lead to no reaction
a dl. One can conclude from the above that the reaction rate between a
perfluoroalkane and OH: is much less than that between a OH: and ethane.

The mogt potentidly reactive of this perfluorocarbon class, the perfluorinated
tertiary amines and the quite andogous perfluorinated ethers, are smilarly
unreective. This is su})ported by the following statement from Fuorine in
Organic Chemigtry: © “Perfluoro tertiary amines (R&N are very inet systems
and are more &kin to perfluoroalkanes than amines.” Ulmann's Encyclopedia of
Indugtrid Chemidlry also addresses the inertness of perfluoroakyl tertiary
amines.”’ This atide states:

“The dectron-withdrawing nature of the perfluoroakyl substituents
deprives the nitrogen atom of its basic character and reactivity.
Fluorinated fert-amines do not form sdts or complexes with strong acids
and are not atacked by most oxidizing or reducing agents.”

Studies conducted by 3M show that perfluoro terti ary amines don't react with
fluorine radicals under room temperature conditions!”, These studies offer
further confirmation that perfluoro tertiary amines like perfluoroakanes are
extremey dable The dmilar inetness of perfluoroethers is implicitly shown in
a European patent a})plication on a process for preparing perfluoroethers with
dementa fluorine.® In this process, a perfluoroether used as a solvent for this
reection is later recovered, demondrating the stability of the perfluoroether to
fluorine radicdl.

Numerous published articles show that no degradation of perfluorocarbons is
expected in the troposphere. ' McElroy e d. investigated the atmospheric
fae of various perfluorinated compounds including C6 to Cjo perfluorodkanes.
They concluded that perfluorocarbons do not react a significant rates with
hydroxyl radicads and that such compounds will only degrade in the upper
amosphere through reactions with O( 1 D) yielding an gpproximate average
amospheric lifetime of 1,000 years. More recent work a MIT has shown that
perfluoroakanes do not react with O( 1D), at least not at rates comparable to
those of CFCs. These newer findings suggests thet reections with O( 1D) in the
sratosphere would not play a dgnificant role in the degradation of
perfluoroakanes.

Ko et d. predict the photo- and oxidative-degradation rates of the
perfluorochemicad based on W absorption spectra and assumed quantum

14




yidds“” They conclude that photodegradation would not occur in the
troposphere. Cdloway et d. further evauate the UV absorption spectra of
perfluoroalkanes and perfluoro-aromatic molecules.! ! This work shows that
absorption spectra of perfluorocarbons occur a wave lengths too short to dlow
direct photodissociation in the troposphere. W &gbsorption maxima of
perfluoroakanes are generdly below 190 nm. Mogt aromatic
perfluorochemicas have absorption onsets below 260 to 280 nm, but some,
such as perfluorongphthalene, have absorption as high as 330 nm.

Yet another demondration of the photochemica dability of perfluorochemicas
is thelr use as inert solvents in a sudy repcrted by Chen et d. of the W
photolysis of other organic compounds.('? Similarly, 3V haes used liquid
perfluoroakanes and perfluoroethers as coolants for photochemica reactors, a
use in which they receive intense exposure to W light without photodegrading.

A very clear demondration of the stability of saturated perfluorocarbons can be
ascertained from the measurements by Dietz et al."> They measured the
amospheric concentrations of two fluorocarbons,
perfluoromonomethylcyclonexane and  perfluorodimethylcyclonexane.  The
bulk of these two fluorocarbons had been released to the atmosphere 30 to 40
years prior to Dietz’'s measurements, yet they were present in the atmosphere at
near the cumulative concentration expected from their total worldwide
production.

References:

1 Cicerone, RJ. Atmospheric Carbon Tetrafluorides A nearly Inert Gas,
Science, Vol. 206, October 5, 1979.

2. Fabian, P.;; Borchers, R.; Kruger, B.C,; and Ld, S, CF4 and C2F6 in the
Atmosphere, Journa of Geophysica Research, Vol. 92, 983 1, 1987.

3. Sheppard, W.A. and Sharts, C.M., Organic Fluorine Chemistry, p14, 1969

4. March, J, Advanced Organic Chemigtry: Reections, Mechanisms and
Structure, 1968. This equation was derived from bond strength values on p
26.

5. Chambers, R.D., Huorine inOrganic Chemigry, p 243, 1973.

6. Ulmann's Encyclopedia of Industrid Chemidtry, 5™ Edition, Volume Al 1,
Chapter 9, Fluorinated Tertiary Amines, 1988.

7. Minday, RM., 3M HFuorochemica Technology Center, Persond
Communication, September 23, 1988.

8. Perangeo, C., Process for preparing perfluoroethers by fluorination with
elementa fluorine, European Patent Application Number: 87 117 127.4

9. McElroy, M.B.; Sze, N.D.; Logan, JA.; and Ko, M K., Potentia
Atmospheric Impact of Explosve Vapor Taggant Molecules, Prepared for
the Aerospace Corporation, Washington D.C., January, 1979, NTIS # PBg 1-
187189
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10. Ko, M K.; Sze, N.D.; McElroy, M.B.; and Wofsky, S.C., Potential
Atmospheric Impact of Explosive Vapor Taggant Perfluorohexyl Sulfur
Pentafluoride, Prepared for the Aerospace Corporation, Washington D.C.,
January, 1979, NTIS # PB81-156090 3.

11. Cdloway, A.R.; Stamps, M.A.; and Loper, G.L., Vacuum Ultraviolet and
Ultraviolet Absorption Spectra of Various Candidate Vapor Taggants for
Blasting Caps. Prepared by the Aerospace Corporation for the U.S. Dept. of
the Treasury, March, 1979, NTIS # PB-81-15531 9.

12. Chen, K.S,; Fogter, T.; Wan, JK.S,, Photochemical Reaction of
Fluorosubstituted Ketones with Amines, Tetraphenylborates, and
organometas, and Electron Spin Resonance Study.

13. Dietz, R.N.; Goodrich, RW.; and Cote, E.A., Detection of Perfluorinated
Taggants in Electric Blasting Caps by Electron Capture monitors,
Proceedings = Symposium and Workshop on Detection and Identification of
Explosives, October 30 ~ November 1, 1978, Reston, Va.

14. Ferber, G.J,; Telegadas, K.; Heffter, JL.; Dickson, C.R.; Dietz, R.N.; and
Krey, PW., Demongration of a long-range tracer system using
perfluorocarbons, Prepared by Nationa Oceanic Atmospheric
Adminidration, for the Environmental Protection Agency, 1979.

15. Lovelock, JE. and Ferber, G.J,, Exotic Tracers for Atmospheric Studies,
Atmospheric Environment, Vol 16(6), p1467, 1982.

16. Sandorfy, C., UV Absorption of Fluorocarbons_Atmospheric Environment,
Val. 10, p343, 1976.

17. Yi Tang, Atmospheric Fate of Various Fluorochemicds, Thess submitted to
Department of Chemistry, Massachusetts Indtitute of Technology, 10,
September, 1993.

Conclusion:
The class of compounds covered by CAS number 86508-42-1 are

photochemicaly sable.
Data Quality: This information is consdered relidble.

Reference:

Submission to THE UNITED STATES ENVIRONMENTAL PROTECTION
AGENCY by THE MINNESOTA MINING AND MANUFACTURING
COMPANY, Request for the Exemption of Certain Perfluorocarbon
Compounds From Regulation Under the Clean Air Act as Precursorsto
Tropospheric Ozone, February 16, 1990.

4.2 Stability in Water
These compounds are highly volatile and insoluble. They are therefore not likey to

partition to aguatic environments from the atmosphere. These compounds are
extremely unlikdy to undergo hydrolyss and tesing is unnecessary.
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4.3 Biodegradation

PFCs are not biodegradable. As an example, 3M presents data on Product Ha.

Test Substance:

Method:
Test solutions:

Medium:

GLP:
Year:

Results:

Remarks:

Conclusion:

Data Quality:

Product Ha, production lot number not noted. The
purity of the substance cannot be verified to be 100%.
The substance is a clear, colorless, odorless liquid.

3M BOD/COD tests — method not recorded
3.0 g Product Ha/ 300 ml = 10,000 mg Product Ha/L

BOD water inoculated at 6 mg/L with stale sewage from
IM’s wastewater trestment plant in Cottage Grove, MN

No
1981

BOD 5 days < 200 mg/kg
BOD 10 days < 200 mg/kg
BOD 20 days < 200 mg/kg

Water is not a likdy environmenta release media The
substance was tested in duplicate. The primary standard
solution (glucose-glutamic acid) met requirements for
biodegradation. No toxicity control was conducted.
Tesing was conducted well above the solubility limit of
this materid.

The substance was not found to be biodegradable. This
result is representative of the class of compounds covered
by CAS number 86508-42- 1.

Klimisch ranking = 3. This study does not meet criteria
for quaity testing. Though not expected to be toxic to
wagtewater organisms (andogy to the ecotoxicity data
provided), this test fails to differentiate between lack of
biodegradation activity and potential toxicity effects on
the organisms. However, as the likely ultimate fate of
this class of compounds is release to the atmosphere, and
modding indicates patitioning to aguatic environments
would be indgnificant, this property is not vitd to
environmental risk assessment. 3M  respectfully requests

17

wwwwww



waver of any further testing on this property for these
chemicds.

Reference: 3M, Environmentd Laboratory - laboratory request
number -7044

4.4 Fugacity

As outlined in the explanation for how these chemicals are used, the predominant release of
these chemicas will be to the atmosphere. Cdculated Henry's Law Congtants for these
compounds indicate that a release of the liquid materid would result in a rdatively rapid
volatlization to the ar. For this reason, fugacity modeling has been approached assuming
100% release to the atmosphere. Modeling for 3 compounds has been included to cover the
range of chemicals, and was conducted utilizing the Levd [Il Fugacity Modd as part of the
Syracuse Research Corporation EPISuite package available from the U.S. EPA. This modeling
indicates that, once released to the atmosphere, it is expected to stay in the atmosphere.

Product A
Level Ill Fugacity Mdel (Full-Qutput):
Chem Nanme . Pentane, dodecafluoro-
Mol ecul ar W: 288.04
Henry's LC : 3,5e+003 atm-m3/mole (Henrywin program
Vapor Press : 608 nm Hg (user-entered)
Mass  Anpunt Hal f-Life Em ssi ons
(percent) {hr} (kg/hr)
Air 100 le+005 1000
WAt er 1.07e-006 3.6e+003 0
Soi | 0. 00363 3.6e+003 0
Sedi ment 8.84e-007 1.44e+004 0
Fugacity Reaction Advecti on Reaction Advecti on
(atm) (kg/hr) (kg/hr) (percent) (percent)
Air 8.48e-011 0.693 999 0.0693 99.9
V\@ter 6.4e~-011 2.06e-007 1.07e-006 2.06e-008 1.07e-007
Soi | 8.47e~-011 0. 000698 0 6.98e-005 0

Sedi ment 1.08e-010 4.25e-008 1.77e-008 4.25e-009 1.77e-009

Persi stence Tinme: 99.9 hr
Reaction Tine: 1.44e+005 hr
Advection  Tine: 100 hr

Per cent React ed: 0.0693
Percent Advected: 99.9

Hal f-Lives (hr), (based upon Biowin (Utimate) and Aopwin)
Air: | et 005
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Vat er: 3600
Soi | : 3600
Sedinment: 1.44e+004
Biowi n estimate: 0.900 (recalcitrant)
Advection Times (hr):
Air: 100
Vat er: 1000
Sedi nent: 5e+004
Product F
Level 11l Fugacity Mdel (Full-Qutput):
Chem Nane Cctane, octadecafluoro-
Mol ecul ar W: 438.06
Henry's LC 5.08e+005 atm-m3/mole (Henrywi n program
Vapor Press 28.5 mm Hg  (user-entered)
Mass  Anpunt Hal f-Life Em ssi ons
(percent) (hr) {kg/hr)
Air 100 le+005 1000
Wat er 2.02e-006 3.6e+003 0
Soi | 0.00436 3.6e+003 0
Sedi ment 0. 000104 1.44e+004 0
Fugacity Reaction Advection Reaction Advection
(atm) (kg/hr) (kg/hr) (percent) (percent)
Air 5.57e-011 0.693 999 0.0693 99.9
WAt er 1.94e-010 3.88e-007 2.01e-006 3.88e-008 2.01e-007
Soi | 5.57e-011 0. 000838 0 8.38e-005 0
Sedi ment 3.44e-010 5e-006 2.08e-006 5e-007 2.08e-007
Persistence Time: 99.9 hr
Reaction Tine: 1.44e+005 hr
Advection  Tine: 100 hr
Per cent React ed: 0. 0693
Percent Advected: 99.9
Hal f-Lives (hr), (based wupon Biowin (Utimte) and Aopwin):
Ar: 1le+005
VWat er: 3600
Soi | : 3600
Sedinent: 1.44e+004
Biowin estimate: -0.068 (recalcitrant)
Advection Tinmes (hr):
Ar: 100
Vater: 1000
Sedi ment: 5e+004
Product |
Level Il Fugacity Mdel (Full-Qutput):
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Chem Nane . Pentanamne, 1,1,2,2,3,3,4,4,5,5,5-undecafluoro-N, N-
bis (undecafl
oropentyl) -

Mol ecul ar W: 821.12

Henry's LC : 7.91e+006 atm-m3/mole (Henrywi n program

Vapor Press : 0.014 nmm Hg (user-entered)

Mass  Anpunt Hal f-Life Em ssi ons

(percent) (hr) {kg/hr)
Air 96. 7 1le+005 1000
Wat er 0. 00398 3.6e+003 0
Soi | 3.05 3.6e+003 0
Sedi ment 0. 209 1.44e+004 0

Fugacity Reaction Advection Reaction Advecti on

(atm) (kg/hr) (kg/hr) (percent) (percent)

Air 2.97e-011 0.692 999 0. 0692 99.9
Wat er 3.92e-011 0. 00079 0.00411 7.9%e-005 0.000411
Soi | 2.25e-011 0. 606 0 0. 0606 0
Sedi ment 6.95e-011 0.0104 0. 00431 0.00104 0. 000431
Persi stence Tinme: 103 hr
Reaction Tine: 7.89e+004 hr
Advection Tine: 103 hr

Per cent React ed: 0.131
Percent Advected: 99.9

Hal f-Lives (hr), (based wupon Biowin (Utimte) and Aopwn):

Air: 1e+005
Water: 3600
Soi | : 3600
Sediment: 1.44e+004
Biowin estimate: -2.955 (recalcitrant)

Advection Times (hr):
Ar: 100
Wat er : 1000
Sedi nent: 5e+004

5.0 Ecotoxicity

5.1 Acute Toxicity to Fish

This class of chemicas presents no aguatic toxicity due to the lack of water solubility, as
demondtrated in test data on severd products.

Test Substance: Product C, production lot number 530. The substance is

a clear, colorless, odorless liquid. The purity of the
substance cannot be verified to be 100%.
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Method:

Test Type:

Test solutions;

Test organism:

Exposure Period:

Analytical Monitoring:

GLP:
Year:

Results:

Test Remarks:

Conclusion:

Data Quality:

Modeled after ASTM E729-80, Standard for conducting
acute toxicity tests with fishes, macro-invertebrates, and

amphibians. American Society for Testing and Materids,
Philadelphia, PA 1980.

Acute Static

Wl water used as vehicle. 2 control vessds and 2
vessals at 1000 mg/1 of Product C (direct addition of
individudly messured weights).

Fathead minnow (Pimephales promelas) with average
length of 24 cm and average weight of 0.1 grams.

96 hours

pH, dissolved oxygen, and temperature. All remained
within acceptable parameters throughout the test.

No
1982

LCso = > 1000 mg/1 (Today, this would be termed an
LLso = Median Lethd Loading.)

Water is not a likdy environmentd release media The
substance is not soluble in water and remains as a
Sseparate phase on the tank bottom. Exposure was
therefore to a saturated solution. The loading factor for
the test was 0.10 g/L utilizing 30 organisms per dose.

No adverse affects or mortdity occurred during this
sudy. The 96-hr. LC50 for fathead minnows therefore
exceeds the solubility limit for the tet substance. This
result is representative of the class of compounds covered
by CAS number 86508-42-I.

Klimisch ranking = 2. This study meets most of the
criteria for qudity testing. Proper documentation of the
test method and parameters was followed. However, no
andyss of the actud test substance concentration was
made, nor was there proper andytical characterization of
the sample itsdf.
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Reference:

* % *

Test Substance:

Method:

Test Type:

Test Solutions:

Test organism:

Exposure Period:

Analytical Monitoring:

GLP:
Year:

Results:

Remarks:

Conclusion:

3M, Environmentd Laboratory - laboratory request
number 7842

Product Ha, production lot number 501. The purity of
the substance cannot be verified to be 100%. The
subgtance is a clear, colorless, odorless liquid.

Modeled after ASTM E729-80. Standard for conducting
acute toxicity tests with fishes, macro-invertebrates, and
amphibians. American Society for Testing and Materids,
Philadelphia, PA 1980.

Acute Static

Wedl water used as vehicle. 2 control vessdls and test
vessels containing Product Ha concentrations of 10, 100,
1000, 2000, and 4000 mg/1 (direct addition of
individudly measured weights).

Fathead minnow (Pimephales promelas) with average
length of 3.0 cm and average weight of 0.25 1 grams.

96 hours

pH, dissolved oxygen, and temperature. All remained
within acceptable parameters throughout the test.

No
1981

LCsp => 1000 mg/1 (Today, this would be termed an
LLso = Median Lethd Loading.)

Waer is not a likdy environmentd releese media The
substance is not soluble in water and formed a surface
film on the water & the high concentrations. Exposures
were therefore to saturated solutions. The loading factor
for the test was 0.4 g/L utilizing 5 organisms per dose.

No gddtidicaly sgnificant mortdity or other adverse

effects occurred during this study. The 96-hr. LCso for
fathead minnows therefore exceeds the solubility limit for
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Data Quality:

Reference:

Test Substance:

M ethod:

Test Type:

Test solutions:

Test organism:

Exposure Period:

Analytical Monitoring:

GLP:
Year:

Results:

the test substance. This result is representative of the
class of compounds covered by CAS number 86508-42-I.

Klimisch ranking = 2. This sudy mests most of the
criteria for qudlity testing. Proper documentation of the
test method and parameters was followed. However, no
andyss of the actud test substance concentration was
made, nor was there proper andytical characterization of
the sample itsf.

3M, Environmenta Laboratory — laboratory request
number 7044

Product I, production lot number 89. The substance is a
clear, colorless, odorless liquid. The purity of the
substance cannot be verified to be 100%.

Modeled after ASTM E729-80. Standard for conducting
acute toxicity tests with fishes, macro-invertebrates, and
amphibians. American Society for Testing and Materids,
Philadelphia, PA 1980.

Acute Static

Wl water used as vehicle. 2 control vessdls and 2
vessds containing 1000 mg/l of Product | (direct addition
of individud weights).

Fathead minnow (Pimephales promelas) with average
length of 29 cm and average weight of 0.19 grams.

96 hours

pH, dissolved oxygen, and temperature. All remained
within acceptable parameters throughout the test.

No
1982

LCsp = > 1000 mg/l (Today, this would be termed an
LLsy = Median Lethd Loading.)
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Test Remarks: Water is not a likedy environmenta redease media The
substance is not soluble in water and remains as a
separate phase on the tank bottom. Exposure was
therefore to a saturated solution. The loading factor for
the test was 0.19 g/L utilizing 30 organisms per dose.

Concluson: No adverse affects or mortdity occurred during this
sudy. The 96-hr. LC50 for fahead minnows therefore
exceeds the solubility limit for the tet substance. This
result is representative of the class of compounds covered
by CAS number 86508-42-I.

Data Quality: Klimisch ranking = 2. This study meets most of the
criteria for qudity testing. Proper documentation of the
test method and parameters was followed. However, no
andyss of the actud test substance concentration was
made, nor was there proper andytical characterization of
the sample itsdf.

Reference: 3M, Environmental Laboratory - laboratory request
number 798 1

5.2 Acute Toxicity to Aquatic Invertebrates

This class of chemicds presents no agutic toxicity due to the lack of water solubility, as
demongtrated in the tests described below on two products.

Test Substance: Product E, production lot number 102. The purity of the
substance cannot be verified to be 100%. The substance
is a clear, colorless, odorless liquid.

Method: OECD guiddine 202 “Daphnia sp., Acute Immobilization
Test and Reproduction Test” and US-EPA guiddine EG-
1 “Daphnid Acute Toxicity Tedt”.

Test Type: Acute Static

Test solutions: 1 control vessel and test vessds containing substance
concentrations of 100, 180, 320, 560, and 1000 mg/l
(direct addition of individudly measured weights).

Test organism: Water flea (Daphnia magna), <24 hours old (neonates)

Exposure Period: 48 hours
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Analytical Monitoring:

GLP:
Year:

Results:

Test Remarks:

Conclusion:

Data Quality:

Reference:

Test Substance:

Method:

Test solutions:

pH, disolved oxygen, and temperature. All remained
within acceptable parameters throughout the test.

No
1986

ECsy = > 1000 mg/L (Today, this would be termed an
ELsy = Median Effective Loading)

Water is not a likdy environmenta release media The
substance is not completely soluble in water as droplets
were visble on the bottoms of test beskers. Exposure
was therefore to a saturated solution.

No adverse affects or immobility occurred during this
study. The 48-hr. EC50 for Daphnia magna therefore
exceeds the solubility limit for the test substance. This
result is representative of the class of compounds covered
by CAS number 86508-42- 1.

Klimisch ranking = 2. This sudy mests most of the
criteria for qudity testing. Proper documentation of the
test method and parameters was followed. However, no
andyss of the actud test substance concentration was
made, nor was there proper andytica characterization of
the sample itsdf.

3M, Environmental Laboratory - laboratory request
number F2539

Product F. The production lot humber was not noted.
The substance is a clear, colorless liquid. The purity of
the substance cannot be verified to be 100%.

OECD guiddine 202 “Daphnia sp., Acute Immobilization
Test and Reproduction Test” and US-EPA guiddine EG-
1 “Dagphnid Acute Toxicity Tedt”.

A control and sngle solution of Product F & nomind
concentration of 1000 mg/L. was created. The test
solution was formulated by combining the test substance
and filtered naturd wel weter, dlowing it to mix in the
dard for 20 hours, and filtering (0.45 micron) prior to use
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Typeof Test:

Species:

Exposure Period:

Analytical Monitoring:

GLP:
Year:
Results:

Test Remarks:

Conclusion:

Reference:

in the test. All test vessals containing FX-3300 were
initidly dear and remained clear through the tedt.

Acute Sttic

Water flea (Daphnia magna), <24 hours old (neonates)
and noted to be in good condition.

48 hours

Information not provided in summary report
No

1991

ECso = > 1000 mg/]

Water is not a likely environmenta release media
Though not mentioned in the report summary, chemicas
in this compound class are not soluble a the nomind
concentration of 1000 mg/L. Therefore, the test solution
created would have been a saturated solution, and the
testing result would be more accuratdly expressed as an
ELsy = Median Effective Loading.

No adverse affects or immobility occurred during this
sudy. The 48-hr. EC50 for Daphnia magna therefore
exceeds the solubility limit for the test subgtance. This
result is representative of the class of compounds covered
by CAS number 86508-42-I.

Performing Laboratory: EnviroSystems Divison, One
Lafayette Road, Hampton, New Hampshire 03842
Sudy Title Static Acute Toxicity of FX-3300 to the
Daphnid, Daphnia magna.

5.3 Acute Toxicity to Aquatic Plants

Testing to determine the toxicity of the class of compounds covered by CAS 86508-42-1 to
algae or other aguatic plants has not been conducted. Since it is unlikdy that the aguatic
environment will be significantly exposed to these compounds based on their physica /
chemica properties, and data on other phyla has been submitted, further testing is not
necessary. 3M submits additional data on bacteria (Photobacterium phosphoreum) to support
its pogtion that these compounds would not exhibit sgnificant aguatic toxicity.
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Test Substance: Product A, production ot number 115. The purity of the
substance cannot be verified to be 100%. The substance

is a clear, colorless, odorless liquid.
Method: Microbics Microtox® “BASIC” procedure.

Test solutions: 2 control vessdls and duplicate test vessdls containing
nomina substance concentrations of 125, 250, 500, and
1000 mg/L. Test solutions were created from a 2000
mg/L. dock solution utilizing Millipore Milli-Q™ water.
Stock solution had an initid pH of 5.1, and was adjusted
to 6.0 with 0.02 N NaQOH. An osmotic adjustment was
mede using 200 mg NaCl dissolved in 10 mL stock
solution. The final appearance of the test solution was
described as a “clear, colorless liquid”.

Test Type: Acute Stetic

Test organism: Photobacterium phosphoreum
Exposure Period: 30 minutes

Analytical Monitoring: light readings, pH

GLP: No

Year: 1992

Results: 5 minutes ECso = > 1000 mg/l,

percent light loss = 0%
15 minutes: ECso = > 1000 mg/1
percent light loss = 0%
30 minutes. ECsy = > 1000 mg/1
percent light loss = 0%

Test Remarks: Water is not a likely environmental rdesse media

Concluson: There was no toxicity noted & the nomina concentrations
tested. This result is representative of the class of
compounds covered by CAS number 86508-42-I.

Data Quality: Klimisch ranking = 3. This study does not meet criteria

for qudity tegting. This test fals to properly characterize
the concentration of the test substance in solution as
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Reference:

% % %
Test Substance:
Method:

Test solutions:

Test type:
Test organism:

Exposure Period:

Analytical Monitoring:

GLP:

Year:

Results:

noted in the test remarks, and assumption of saturation
cannot be made.

3M, Environmentd Laboratory — laboratory request
number K1657

Product D, production lot number 115. The purity of the
substance cannot be verified to be 100%. The substance
is a clear, colorless, odorless liquid.

Microbics Microtox® “BASIC’ procedure. The highest
test concentration used was 2000 mg/L.

3 control vessels and 3 test vessdls containing saturated
solutions of Product D. Test solutions were created by
adding 200 mg of sample to 100 mL Millipore Milli-Q™
water, dlowing it to mix overnight, covered in the dark at
ambient room temperature. Materid was noted on the
bottom of the vessd. The liquid portion was decanted for
testing. Stock solution had an initid pH of 4.5, and was
adjusted to 7.9 with 0.1 N NaOH. An osmotic adjustiment
was made usng 200 mg Na(l dissolved in 10 mL stock
solution. The fina gppearance of the test solution was
described as a “clear liquid’.

Acute Stetic

Photobacterium phosphoreum

30 minutes

light readings, pH

No

1992

5 minutes ECsy = >100% saturated stock solution,
percent light loss = 20%

15 minutes. ECso = >100% saturated stock solution
percent light loss = 29%

30 minutes ECsy = >100% sSaturated stock solution
percent light loss = 34%
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Test Remarks: Water is not a likely environmental release media

Conclusion: The 30 minute ECs, light inhibition for Photobacterium
phosphoreum exceeds the solubility limit for this
compound. This result is representative of the class of
compounds covered by CAS number 86508-42-1.

Data Quality: Klimisch ranking = 2. This sudy meets most of the
criteria for qudity testing. Proper documentation of the
test method and parameters was followed. There was no
andyticd characterization of the sample itsdf.

Reference: 3M, Environmentd Laboraory — laboratory request number K2328

6.0 Mammalian Toxicity
6.1 Acute Toxicity

Acute ord gavage and inhdation toxicity sudies are performed to evduate the effects of a
sngle exposure to very high doses of a test materid. A variety of observations are made
during exposure and during the usua 2-week recovery period. Results are usudly reported as
mg/kg (ord toxicity) or as ppm or mg/m3 (inhaation). Occasondly, intraperitoned studies
are performed. These results are usudly reported as mg/kg.

Summary of Acute Toxicity Data:

Acute ord and inhaation toxicity studies performed with either Compound Ha or C did not
induce lethdity or toxicity in any study at any concentration tested. An extremdy high dose
intrgperitoned injection study performed with Compound Ha in the rat resulted in no lethdity.
Compounds Ha and C, as representative of the class of PFCs, are consdered essentidly “non-
toxic’ by ether ord or inhdaion exposure.

Title: An Acute Inhdation Toxicity Study of T-4502 (Product
Ha) in the Rat. 1969.

Test Article: (Product Ha, T-4502)

M ethod/Guiddine: Not specified

GLP: N

Year Study Performed: 1969

Species/Strain: Charles River Albino rats

29




Sex:

No. of Animals/Sex/Dose:

Route of Administration:

Remarks:

Results:

Conclusions;

Reference:

Remarks:

Title:

Test Article;

Method/Guiddine:

GLP:

Year Study Performed:

Maes and Females
7/sex/group
Inhdation

Fourteen dbino rats (seven mae and seven femae) were
exposed to vapor of Product Ha in a 70 liter Plexiglass
chamber for a period of four hours. The nomind
concentration was found to be 41 mg/L air. At the end of
the exposure period, four rats were sacrificed (two male
and two femde) and the lung tissue was examined
microscopicaly. The remaning ten animds were
returned to their stock cages and observed for the
following 14 days.

There were no deaths, untoward behaviora reactions or
adverse body weight effects caused by the inhdation of
the test materia. Necropsy of dl test animas did not
revea any gross pahologica dterations. Microscopic
examination of the lung tissue in four animas did not
reved any higopathologica dterations.

The compound did not induce toxicity by inhdation.
1969. An Acute Inhalation Toxicity Study of FC-40 in the
Rat. IBT No. N7 109, Industria Bio-Test Laboratories,
Inc.

Similar results were obtained in a previous study (T-4501
donein 1962 on Product Hb) on three species (rats,

mice, and guinea pigs) with concentrations up to 17
mg/liter.

Product Ha (T-2740CoC) Acute Oral Toxicity (LD50)
Study in Rats. 1980.

Identity: T-2740CoC Product Ha
Riker Test Method 605A
No, but was audited by the QA group

1980
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Species/Strain:

Sex:

No. of Animals/Sex/Dose:
Vehicle:

Route of Adminigtration:

Remarks:

Results:

Conclusions:

Reference:

Remarks:

Title:

Test Article:
M ethod/Guiddine:

GLP:

Chales River Albino Rats
Made and Femde
S/sex/dose

None

Gavage

The rats were administered the test article at a dosage
level of 5,000 mg/kg, followed by a 14 day observation
period. Initid and find body weghts mortaities and
adverse reactions were recorded. Necropsies were
performed at the end of the 14 day observation period.

LD50: >5,000 mg/kg. No untoward behavioral resctions
or deaths occurred during the 14 day observation period
and body weight gains were noted for al animds which
survived the test period. Necropsies performed at
termination of the sudy reveded no visble lesons.

The compound can be consdered practicaly non-toxic on
an acute ord bass.

1980. FC-40 Acute Oral Toxicity (LD50) Sudy in Rats.
Study No. T-2740CoC, Riker Safety Evauetion
Laboratory, St. Paul, MN.

Smilar sudy, except for 10 g/kg dose, conducted in 1972

(T-457) adso resulted in no desths and no significant gross
findings on autopsy.

An Acute Intraperitoneal Toxicity Study of T-4502
(Product Ha) in the Rat.

Product Ha, T4502
Not specified

No, no QA/QC indicated
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Year Study Performed:
Specied/Strain:

Sex:

No. of Animals/Sex/Dose:
Route of Adminigtration:

Remarks:

Results:

Conclusions:

Reference:

Title:

Test Article:

Method/Guiddline:

1969

Charles River dbino rats
Mde and Femde
2/sex/group
Intraperitonedl  injection

Undiluted Product Ha was administered by injection into
the peritoned cavity to three groups of four rats (2 mae
and 2 femae) each. The dose groups were 15.4, 23.1,

and 34.6 g/kg.

There were no deaths. Abnorma stance, hypoactivity,
and muscular weakness was observed at dl doses within
15 minutes of compound adminigtration. Ruffled fur was
aso obsarved a the high dose levd. Weight gains were
norma. No lesons were observed at necropsy.

Necropsy reveded clear fluid in the abdomind cavity of
al animas, and white soft ovoid masses attached to the
mesentery near the blood vessds and/or free floating in
the cavity. Watery vacuoles dso were found in the
subcutaneous tissue of the ventra abdomen.

The acute intrgperitoneal LD50 for Product Ha is gresater
than 34.6 grams per kilogram of body weight. Therefore,
this materid may be consdered to be practicdly non-
toxic when adminigered intrgperitonedly.

1969. An Acute Intraperitoneal Toxicity Sudy of FC-40

in the Rat. IBT No. A7108, Industria Bio-Test
Laboratories, Inc.

Acute Ord Toxicity Study of T-5333 in Rats (OECD
Guiddines)

98.8 % perfluorohexane (T-5333, Fluorinert®Brand
Electronic Liquid Product C, Lot 629)

“Acute Dermd Irritation/Corrosion,” Organization for
Economic Cooperation and Development's Guiddines for
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Testing of Chemicals, Section 404 (adopted May 12,
1981).

GLP: Yes

Year Study Performed: 1991

Species/Strain: Charles River Albino Rats

Sex: Made and Femae

No. of Animals/Sex/Dose:  5/sex

Vehicle: None

Route of Adminigration: Gavage

Remarks: A sngle dose of 5 mg/kg was tested. All dose levels
were administered as volumes of 2.99 mi/kg body weight.
The rats weighed 208-240 g at the beginning of the study
immediately prior to dosing, and weights were recorded
a Day 7 and Day 14. The rats were observed for
abnorma signs during the four hours after exposure, and
daly theregfter for 14 days.

Results: No deaths occurred. All animas appeared norma and
ganed weight. There were no visble lesons found at
gross necropsy.

Conclusions: The estimated ord LD50 is greater than 5.0 g/kg

Reference: 1991. Acute Oral Toxicity Sudy of T-5333 in Rats

(OECD Guidelines). Find Report. Hazleton Wiscondan
Study Number 10102633.

6.2 Primary Eye and Skin Irritation

Primary eye and skin studies performed with either Compound Ha or C dl resulted in no
adverse effects. Compounds Ha and C, as representative of the class of PFCs are considered
“non-irriteting” to the eyes and skin.

Title: Primary Eye Irritation/Corroson Study of T-5333 in
Rabbits (OECD Guiddines)

33




Test Article: 98.8 % perfluorohexane (T-5333, Fluorinert®Brand
Electronic Liquid Product C, Lot 629)

pH of test material: It was not possible to measure the pH.

Method/Guideine: “Acute Eye Irritation/Corroson,” Organization for
Economic Cooperation and Development’s Guidelines for
Testing of Chemicals, Section 405 (adopted May 12,
1981).

Test Type: in vivo

Species/Strain/Cell Type: Rabbity dbino

Sex: Mde and Femde

No. of Animals/Sex/Dose;  One femae and two males

Total Dose: 01 ml

Vehicle: None

Contact Time: Maximum of 72 hr

Grading scale: Draze

Remarks: Three abino rabbits had 0.1 ml of test article gpplied

undiluted to the conjunctival sac of one eye. Irritation
was scored at 1, 24,48 and 72 hours after agpplication of
test article into the eye.

Results: Primary irritation score was zero. All cases report the
primary eye irritation scores were 0.0, indicating no
observation of corneal, iridd or conjunctiva irritation at

any time

Conclusions: The test article was non-irritating to the eye under the test
conditions.

Reference: 19 1 Primary Eye Irritation/Corrosion Sudy of T-5333

in Rabbits (OECD Guidelines). Find Report. Hazleton
Wisconsin Study Number 10 10263 5

Title: Eye and Skin Irritation Report on Sample T-1495.
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Test Article:
pH of Test Article:

M ethod/Guiddine:

Test Type:
Species/Strain/Cell:

Sex:

No. of Animals/Sex/Dose;

Total dose:

Contact Time
Obsarvation Period:

Scoring Method Used:

Remarks:

Results:

Conclusions:

Reference:

(Product Ha, T- 1495)
Not applicable

Described in Section 1500.42 -~ Hazardous Substances
and Artides, Adminigraion and Enforcement
Regulations, Federal Regigter, Vol. 38, No. 187, P.
27019, 27 September 1973.

in vivo

Albino rabhit
Not specified
6/single dose

0.1 ml, concentration not specified, tota dose not
Specified

7 days
Ihr, 24 hr, 48 hr, 72 hr, 5 and 7 days

Grading sysem outlined in the “lllugrated Guide for
Grading Eye Irritation by Hazardous Substances.”

One tenth of a milliliter (0.1 ml) of the experimentd
materid was indilled into the right eyes of the test
animals while the other eyes remained untrested to serve
as controls. The test materia was not washed from the
eyes.

Irritation score of zero for dl ocular tissues (corneg, iris,
and conjunctivae) for al tet animas at al observation
periods.

The subject materid is not an ocular irritant.
1976. Eye and <in Irritation Report on FC-40 (T-149.5).

Primary Eye Irritation Study Report, May 2 1, 1976,
Biosearch, Inc.
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Other:

Title:

Test Article:

pH of Test Material:

M ethod/Guiddine:

Test Type:
Species/Strain/Cell Type:
Sex:

No. of Animals/Sex/Dose:
Total Dose:

Vehicle:

Similar study done in 1969 (T-4953) on FC-43 (aso
referred to as Product Hb), Lot 137 concluded test
materia was practicdly non-irritating to the eye.

Primary Dermd Irritation/Corroson Study of T-5333 in
Rabbits (OECD Guiddines)

98.8 % perfluorohexane (T-5333, Fluorinert®Brand
Electronic Liquid Product C, Lot 629)

It was not possible to measure the pH

“Acute Dermd Irritation/Corrosgon,” Organization for
Economic Cooperation and Development's Guiddines for
Testing of Chemicals, Section 404 (adopted May 12,
1981).

in vivo

Rabhity dbino

Both sexes

One mde and two femaes

0.5 ml semi-occluded on shaved skin

None

Length of time test material is in contact with animal/cdl: 4 hr

Grading Scale:

Remarks:

Scales of 1 to 4, increasing in severity for erythema and
eschar (combined) formation and edema formation are
used and scores for each endpoint are summed such that
the score equas the sum of erythema and edema scores.
Scoring based on Draize (1975). “Primary lrritation of
the Skin,” In: Appraisd of the Safety of Chemicds in
Foods, Drugs and Cosmetics - Dermd Toxicity,
Asociation of Food and Drug Officids of the U. S, pp.
46-47 (1975).

Three dbino rabbits had their backs shaved and O-5 ml of

tes article applied undiluted. This was covered with a
2.5 cm2 patch of gauze and semi-occluded under loose
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Results:

Conclusions:

References:

Title:
Test Article:
pH of Test Material:

Method/Guiddine:

Test Type:
SpeciedStrain/Cell Type:
Sex:

No. of Animals/Sex/Dose:

Total Dose:

Vehicle:

Saran wrap secured with Elastoplast. Exposure was four
hours, after which patches were removed, the dites
cleaned with tap water and disposable towels and scored
30 minutes and 24, 48 and 72 hours after removal.

Primary irritation score of 0.0. In al cases it is reported
the primary skin irritation scores were 0.0, indicating no
observation of erythema or edema on the test Sites.

The test article was non-irritating to skin under the test
conditions.

1975. Eye and Skin Irritation Report on Sample T-1 71 7.
Project N0.4102871, WARF Institute Inc.

Eye and Skin Irritation Report on Sample T-1495. 1976.
(Product Ha, Sample T- 1495)

Not specified

Described in Section 150041 - Hazardous Substances
and Articles, Adminigration and Enforcement
Regulations, Federa Register, VVol. 38, No. 187, P.
27019, 27 September 1973.

in vivo

Rabhity dhbino

Not specified

6 tota

0.5 ml, concentration not specified; tota dose not
specified

None specified

Length of Time Test Material isin Contact with Animal/Cdl: 72 hr
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Grading Scale:

Remarks:

Results:

Primary Irritation Score:

Remarks:

Conclusions:

Refer ences:

Other:

6.3 Genotoxicity

Separate scores for erythema formation and edema
formation are summed. The Draize method of scoring
was employed.

Six dbino rabbits had their hair clipped over a wide area
and five tenths of one milliliter (0.5 ml) of test meterid
was placed on abraded and intact prepared test sites on
the same rabhbit, then covered with gauze paiches. An
impervious materid was wrgpped shugly around the
trunks of the animds to hold the patches in place. After
24 hours and 72 hours the coverings were removed and
the degree of erythema and edema was recorded
according to a standardized scae.

In al cases it is reported the primary skin irritation scores
were O; which indicates no reddening or swelling
detected.

0.0
No

The subject materid would not be classfied as a primary
irritant to abino rabbits.

1976. Eye and Sin Irritation Report on FC-40 (T-1495).
Primary Skin Irritation Study Report, May 21, 1976,
Biosearch, Inc.

Similar sudy done in 1969 (T-4953) on Product Hb, Lot
137 concluded test material was non-irritating to the skin.

Two reverse mutation assays are presented as representative of the PFC class. Both  utilized
the Salmonelia typhimurium test syssem (Ames assay). In the case of Compound C, the test
system could not be adequatdly dosed due to volatlity of the test materid and the inability to
find an appropriate solvent. For Compound H, cytotoxicity was reported at the highest dose
tested, suggesting that the test system could be adequately dosed. No evidence of mutation
was reported in the assay with Compound H. Although studies from forward mutation and
chromosome aberration studies have not been performed, the chemica and physica properties
of the class suggest that there is no reason to bedieve that effects would be observed in these
assays. Therefore, 3M does not intend to do these tedts.
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Title:

Test Article:

M ethod/Guiddine:

Test Type:

Test System:

GLP:

Year Study Performed:
Cdl-TypelLine:

Metabolic Activation:

Concentrations Tested:

Statistical Methods Used:

Remarks:

Results:

Mutagenicity Test on T-5333 in the
SdmondlaMammdian-Microsome Reverse Mutation
Assay (Ames Test)

98.8 % perfluorohexane (T-5333, Fluorinert®Brand
Electronic Liquid Product C, Lot 629)

Ames e d. (1975). Methods for Detecting Carcinogens

and Mutagens with the Salmonella/Mammalian-
Microsome Mutagenicity Test. Mutation Research
31:347-364.

Didlerath et d. (1984). Aliphatic Haogenated
Hydrocarbons Produce Volatile Sdmonedla Mutagens.
Mutation Research 136:55-64.

Reverse mutation, with and without activetion
Bacterid (Sdmondla  typhimurium)

Yes

1991

Sdmondla typhimurium tester strain TA 100

S9 microsomd fraction purchased from Molecular
Toxicology, Anngpolis, MD

10.0, 25.0, 50.0, 100, 150 and 200 ! per plate for four
and twenty-four hours, and 200, 400, 500, 600, 800 and
1000 pl per plate for twenty-four hours

None

1000 pl per plate was the highest amount which could be
tested in the system.

It was concluded that the test article could not be
adequately tested usng the Sdmondla Mutation Assay
based on voldility, lack of solubility in suitable solvents
(weter, 100 % ethanol, dimethylsufoxide, acetone and
dimethylformamide) and the ingbility to demondrate by
cytotoxicity that the test sysem could be adequatdy
dosed in a vapor exposure system.
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Remarks:

Conclusions:

Reference:

Title:

Test Article:

M ethod/Guiddine:

Test Type:
Test system:

GLP:

Year Study Performed:

Cdl-TypelLine:

Metabolic Activation:

Concentrations Tested:

Statistical Methods Used:

Remarks:

Results:

Voldility, lack of solubility in dl commonly employed
solvents and inability to demondrate cytotoxicity limited
the utility of the assay system for this test article.

The test article could not be adequately tested due to
unique physica properties and lack of evidence for
exposure of the test system (cytotoxicity).

1991. Mutagenicity Test on T-5333 in the
Salmonella/Mammalian-Microsome Reverse Mutation

Assay (Ames Test). Find Report. Hazleton Laboratories
America, Project ID 12615-0-401

Mutagenicity Evauation of T-2007 CoC. 1978.
(T-2007CoC, Product Ha)

Ames et d., Mutation Research 3 1:347, 1975

Reverse mutation, with and without activation

Bacterid

No, but SOP's listed

1978

Sdmondla typhimurium drans TA1535, TA100, TA9S,
TA1537, TA1538, and Saccharomyces cerevisae strain

D4 with and without activation.

SO liver homogenate from Aroclor 1254 induced
Sprague-Dawley rats

10 ul/plate, 25 ul/plate, 50 ul/plate, 100 ul/plate with and
without  activation.

None
Spot test procedure used.
The test article was not genotoxic when tested ether with

or without metabolic activation. Cytotoxicity was noted
at the highest dose. The low dose in dl cases was below
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Conclusions:

Reference:

6.4 Repeat Dose Toxicity

a concentration that demonstrated any toxic effect. There
were no test-specific confounding factors. Mutation
frequencies were within the range of the vehicle controls.

The test aticle was consdered non-mutagenic under the
dudy conditions utilized.

Mutagenicity Evauation of T-2007 CoC, Find Report.
LBI Project No. 20838, January, 1978, Litton Bionetics,
Inc.

Toxicity has not been observed in inhdation and ord repeat-dose toxicity studies. Inhdation
exposure for two to thirteen weeks to Compound H at concentrations up to 50,000 ppm were
without effect. Similarly, ord dosing with Compound H for thirty days at levels up to 2000
mg/kg/day did not produce effects. Inhaation of a saturated amosphere of Compound C for

thirty days did not produce effects that were directly atributable to trestment.

Title:

Test Article:

M ethod/Guiddine:

Study Duration:

GLP:

Year Study Performed:
Specied/Strain:

Sex:

Number per Group:

Route of Administration:

Doses and Frequency:

Two-Week Repeat-Dose Preiminary Inhaation Toxicity
Study in Rats with T-5333 (Product C)

98.8 % perfluorohexane (T-5333, Fluorinert®Brand
Electronic Liquid Product C, Lot 629)

Not specified

Exposure occurred six hours a day, five days a week for
two weeks and on the first day of the following week.

Yes

1992

Rats, Sprague Dawley
Both sexes

10 mae and 10 femaes
Inhaation

Air only and 50129 parts per million. Exposure occurred
six hours a day, five days a week for two weeks and on
the firs day of the following week.
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Post-Observation Period: None

Statistical Methods Used:

Remarks:

Results:

Remarks:

Conclusions:

Reference;

Title:

Test Article:

M ethod/Guidéline:

Separate analyses for males and femaes. Food and water

intake were andyzed on a cage bass with cumulative
average daily intake per group used as the comparative

between groups. Each anima was used as its own control

for body-weight gain and organ weight data. If rdative
frequency of the mode exceeded 75 %, the proportion
with vaues different than the mode was used. Bartlett's

test for heterogeneity of variance between treatments was
used, and if Sgnificant, a log transformation was tried. If

no heterogeneity was found or a transformation was
satisfactory, oneway ANOVA was used. If sgnificant
heterogeneity of variance was present, Kruska-Walis
analyss of ranks was used. ANOVA was followed by
Student’s t-test or the William’'s test for dose-related
response. Kruska-Wallis was followed by Shirley’s tedt.

Obsarvations were made for mortdity, clinica sgns,
weight gain, food consumption, water consumption,
macroscopic pathology and organ weights.

No treatment-related effects were observed.

The study was conducted adequately under GLP.

The test article did not produce effects under the test
conditions.

1992. Two- Week Repeat-Dose Preliminary Inhalation
Toxicity Study in Rats with T-5333 (PF-5060). Find

Report. Huntingdon Research Center, Ltd. Reference
MIN 56/911538

T-5333 90-Day Inhdation Study in Rats

98.8 % perfluorohexane (T-5333, Fluorinert® Brand
Electronic Liquid Product C, Lot 629)

Not specified
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Study duration:

GLP:

Year Study Performed:
Specied/Strain:

Sex:

Number per group:

Route of Administration:

Doses and frequency:

Post-observation period:

Statistical methods used:

Remarks:

Exposure occurred six hours a day, five days a week for
13 weeks.

Yes

1992

Rats, Sprague Dawley
Both sexes

10 mde and ten femdes. Study design included recovery
group animas in the control and high-dose groups.

Inhdation by whole-body exposure

Air only and 500, 15000 and 50000 parts per million
(4987, 15060 and 4982 1 parts per million measured).
Exposure occurred six hours a day, five days a week for
two weeks and on the first day of the following week.

Two weeks for recovery control and high-dose animals

Separate analyses for males and femaes. Food and water
intake were anadlyzed on a cage basis with cumulaive
average daily intake per group used as the comparative
between groups. Each animal was used as its own control
for body-weight gain and organ weight data. If rdative
frequency of the mode exceeded 75 %, the proportion
with vaues different than the mode was used. Bartlett's
test for heterogeneity of variance between treatments was
used, and if ggnificant, a log transformation was tried. |f
no heterogenaity was found or a transformation was
satisfactory, oneway ANOVA was used. If sgnificant
heterogeneity of variance was present, Kruskd-Wallis
anayss of ranks was used. ANOVA was followed by
Student’s t-test or the William’'s test for dose-related
response. Kruska-Wallis was followed by Shirley’s test.

Obsarvations were made for mortdity, clinica sgns,
weight gain, food consumption, ophthalmoscopy,
hematology, biochemistry, macroscopic  pathology,
microscopic pathology and organ weights.
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Results:

Conclusions:

Reference:

Title:

Test Article:
Method/Guideline:
Study Duration:

GLP:

Year Study Performed:
SpeciedStrain:

Sex:

Number per Dose Group:

Route of Administration:

Doses and Frequency:

Post-Observation Period:

Statistical Methods Used:

No treatment-related effects were observed. The NOAEL
for the study was 49821 parts per million by volume in
ar.

The test article did not produce effects under the test
conditions.

1992. T-5333 90-Day Inhalation Sudy in Rats. Final

Report. Huntingdon Research Center, Ltd. Reference
MIN 59/9208 19.

Subacute Inhdation Study in Rats on T-1549 (Product
Hb)

(Product Hb, T-1549). Purity

Not specified.

30 Days

No

1977

RatySprague-Dawley from Charles River
Both

26 exposed (16 maes and 10 females)/16 controls (11
maes and 5 femaes)

Inhaation

Saturated atmosphere for seven hours per day, five days
per week, for atotal of 30 exposures. Concentration
expressed as mils T-1549 used per cubic meter totd air
volume flowed through the system (average 7.28 ml/m’).
none, necropsy done at end of experiment

t-test
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Remarks:

Results:

Statistical Results:

Remarks:

Conclusions;

Reference:

Title:

Hematology, dlinicd chemistry, and histopathology done
on 5 each of test mades and femaes, and 3 each of control
maes and femdes.

The mde test rats gained less weight during the study
period than the mae control rats. However, the femae
test rat weight pattern was similar to the femae controls.
The femde test rats had lower mean corpuscular
hemoglobin (MCH) concentrations and higher mean
corpuscular volumes (MCV) than the femae control rats.
A reduced serum glutamic oxaoacetic transaminase
(SGOT) level was observed in the femde test rats. The
mae test rats exhibited an eevated blood iron level and
the femde test rats exhibited a lower blood iron level
than the controls. With the exception of thickened
adveolar septa and focd faity degeneration of liver which
were observed in both control and test animas, no
pathology was observed which was attributed to the
exposure experience.

The femde test rats lower MCH and higher MCV were
sgnificantly different from the control group a P <0.05.
The mde test rats higher blood iron levd was
ggnificantly different from the controls a P <0.05. The
femde test rats lower SGOT was sgnificantly different
from the control group a p <0.05.

Liver histology results in both the control and test groups
were comparable and unremarkable.

The one-month vapor inhdation toxicity of Product Hb
was found to be low. The lack of any pattern or trend in
the hemaology or clinicd chemigtry deviations indicates
that there is no direct dose-response relaionship and
questions the dgnificance of the observed changes.

1977. Report on the 30 day saturated vapor inhalation
study on T-1549. Report No. 3, Laboratory No. R16,

Toxicology Research Laboratory, Universty of
Cdifornia, San Francisco.

4-Week Ord Gavage Toxicity Study with T-5333 in Rats
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Test Article:

Method/Guideline:
Study duration:

GLP:

Year Study Performed:
Specied/Strain:

Sex:

Number per Group:
Route of Administration:

Doses and Frequency:

Post-Observation Period:

Statistical M ethods Used:

Remarks:

98.8 % perfluorohexane (T-5333, Fluorinert®Brand
Electronic Liquid Product C, Lot 629)

None
Four weeks
Yes

1992
Rats, Crl:CD ®BR VAF/Plus®

Both sexes

5 per sex per group
Ord Gavage

Control (0.9 % NaCl a 1 ml/kg) and trestment groups of
200, 1000 and 2000 mg/kg body weight/ day (given in
volumes of 0.104, 0.520 and 1.04 ml/kg, respectively).
Doses were given by ora gavage once per day.

None

Levene's test was used for variance homogeneity.
Anaysis of variance was done on homogenous or
transformed data. If the ANOVA was sgnificant,
Dunnett's t-test was used for pair-wise comparisons
between groups. One-way ANOVA was used to andyze
body weights, cumulative body-weight gains, food
consumption, dlinicd chemistry and hematology vaues
(except RBC morphology), organ weights, organ-to-
body-weight percentages, and organ-to-brain-weight
ratios. Comparisons between groups were made at the
5.0 % two-taled probability leve.

Observations were made for mortdity, clinica dgns,
weight gan (body weghts and cumulative weight gain),
food consumption, water consumption, clinical pathology
(hematology and clinicd chemistry), and anatomica
pathology (organ weights, organ-to-body-weight
percentages, organ-to-brain-weight ratios, macroscopic
and microscopic observations).
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Hematology parameters included red blood cell count,
hemoglobin, hematocrit, mean corpuscular volume, mean
corpuscular  hemoglobin, mean corpuscular  hemoglobin
concentration, platelet count, prothrombin time, white
blood cel count, differentia blood cell count and blood
cdl morphology.

Clinicd chemigry parameters included glucose, urea
nitrogen, cregtining, totd protein, abumin, globulin, tota
bilirubin, cholesterol, aspartate aminotransferase, alanine
aminotransferase, dkdine phosphatase, cacium,
inorganic phosphorus, sodium, potassum and chloride,

Tissues weighed included adrends, brain, kidneys, liver,
ovaries, and testes.

Tissues examined microscopicaly included adrends,
brain, heart, kidneys, lesons, liver, lungs, ovaries, spleen,
testes.

Results: No dgnificant treatment-related effects were observed.

Conclusions: The test article did not produce effects under the test
conditions. The no-observable-effect level is greater than
2000 mg/kg/day.

Reference: 1992. 4-Week Oral Gavage Toxicity Sudy with T-5333in
Rats. Find Report. Hazleton Wisconsin, Study Number
HWI  6329-102.

6.5 Reproductive Toxicity

As detaled earlier, PFCs ae both chemicaly and biologicaly unresctive. Due to their high
volatility and lack of solubility in biologicad media, no toxicity is attributed to these maerids
even & very high doses. In fact, pefluorochemicds structurdly smilar to those discussed
have been usad to “rescue’ respiratory function in premature infants( 1-9).

As evidenced by the human hedth and environmenta toxicity endpoints that have been
invedtigated to date, the materids within this class are dl exceedingly low in toxicity. This
cdass of materids is among the least toxic compounds known. The same physca/chemica
properties that dictate the mechanisms of biologica interaction in the studies conducted to date
would aso dictate the result of any longer term studies or studies intended to investigate other
endpoints such as reproductive toxicity. On this bads, and in the interest of anima wdfare, it
has never been deemed prudent to pursue any further toxicologicd investigetions with this
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class of materids. Accordingly, 3M proposes to rey on existing data for other endpoints and
will not undertake a reproductive study.
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6.6 Development and Teratogenicity Toxicity

As detaled earlier (1.3 Metabolis/Toxicology Summary), PFCs are characterized as being
both chemically and biologicdly unresctive. Due to ther high volaility and lack of solubility
in biologicad media, no toxicity is attributed to these materiads even a very high doses. In fact,
perfluorochemicas sructuraly smilar to those discussed have been used to “rescue’
respiratory function in premature infants.

As evidenced by the human hedth and environmenta toxicity endpoints that have been
investigated to date, the materids within this cdass are dl exceedingly low in toxicity. This
class of materids is among the least toxic compounds known, The same physca/chemica
properties that dictate the mechanisms of biological interaction in the studies conducted to date
would dso dictate the result of any longer term studies or studies intended to investigate other
endpoints such as deveopmentd toxicity. On this bass, and in the interest of anima wedfare,
it has never been deemed prudent to pursue any further toxicologicd investigations with this
class of materids. Therefore 3M will not conduct developmenta testing.

49






